Introduction
============

Lung cancer is the most common human malignancy, accounting for 21.7% of all cancer-associated deaths worldwide during 2015 ([@b1-ol-0-0-11972]). In addition, its morbidity and mortality rank the highest among all malignant tumor types worldwide ([@b2-ol-0-0-11972]). According to the differentiation degree and morphological characteristics of cancer cells, lung cancer can be roughly classified into non-small-cell lung cancer (NSCLC) and small-cell lung cancer ([@b3-ol-0-0-11972]). Among patients with lung cancer, nearly 80% are diagnosed as NSCLC, which manifests with earlier diffusion and metastasis ([@b4-ol-0-0-11972]). Currently, resection, chemotherapy, radiotherapy and targeted therapy are the primary treatments for lung cancer ([@b5-ol-0-0-11972]). For patients with advanced NSCLC or those who are clinically incapacitated for surgery, chemotherapy is a remarkably important treatment ([@b6-ol-0-0-11972]). Cisplatin (DDP) is widely applied in the treatment of several malignancies, and it exhibits a broad spectrum of antitumor effects by inducing DNA damage and hindering DNA damage repair ([@b7-ol-0-0-11972]). Paclitaxel (PTX), another commonly used chemotherapeutic agent in the clinic, targets the microtubule cytoskeleton and impedes cell division ([@b8-ol-0-0-11972],[@b9-ol-0-0-11972]). The majority of patients have a good initial response to chemotherapy agents; however, subsequent relapse is common and largely due to the emergence of drug resistance ([@b10-ol-0-0-11972]). Thus, chemoresistance is considered one of the main factors of poor prognosis in patients with advanced NSCLC ([@b6-ol-0-0-11972]). Therefore, there is an urgent need to investigate the target and mechanism of chemoresistance in NSCLC.

Close homolog of L1 (CHL1) is a member of the L1 family of nerve cell adhesion molecules and is located on the 3q26 locus ([@b11-ol-0-0-11972]). As a nerve cell adhesion molecule, CHL1 serves an important role in the development, regeneration and plasticity of the nervous system ([@b12-ol-0-0-11972]). The absence or mutation of CHL1 can trigger 3p syndrome and schizophrenia ([@b13-ol-0-0-11972]). The abnormal expression of CHL1 may lead to reduced working memory and social behavior, mental damage, and abnormal behavior ([@b14-ol-0-0-11972]). CHL1 has been reported to be involved in carcinogenesis and progression in a variety of human cancers. In esophageal squamous cell carcinoma (ESCC), CHL1 downregulation is associated with invasion, lymph node metastasis and poor overall survival ([@b11-ol-0-0-11972]). Functional studies revealed that CHL1 has anti-proliferation and anti-metastasis abilities ([@b11-ol-0-0-11972]). The expression of CHL1 is downregulated by hypermethylation in human breast cancer, and its negative expression contributes to breast tumorigenesis and progression ([@b15-ol-0-0-11972],[@b16-ol-0-0-11972]). In thyroid cancer ([@b17-ol-0-0-11972]) and colonic adenocarcinoma ([@b18-ol-0-0-11972]), CHL1 impedes cell proliferation and invasion, and acts as a tumor suppressor. In lung cancer, Hӧtzel *et al* ([@b19-ol-0-0-11972]) evaluated CHL1 expression in 2,161 NSCLC cases based on a tissue microarray, and it was reported that CHL1 expression is associated with T stage in adenocarcinomas, as well as with metastatic lymph node status and improved survival. Additionally, by analyzing the Gene Expression Omnibus dataset GSE21656 submitted by Sun *et al* ([@b20-ol-0-0-11972]), microarray results demonstrated that CHL1 expression in DDP-resistant H460 cells is significantly lower compared with that in parental cells, suggesting that CHL1 may be involved in NSCLC chemoresistance; however, to the best of our knowledge, the underlying mechanism remains unknown.

In the present study, the expression of CHL1 in DDP- and PTX-resistant A549 cells and the parental cells was assessed. Functional studies of CHL1 were performed to investigate its potential role in chemoresistance.

Materials and methods
=====================

### Data processing

The human GSE21656 microarray dataset ([@b20-ol-0-0-11972]) was downloaded from the NCBI Gene Expression Omnibus (GEO) database ([www.ncbi.nlm.nih.gov/geo](www.ncbi.nlm.nih.gov/geo)). The available dataset, GSE21656 was based on the GPL6244 platform (Affymetrix Human Gene 1.0 ST Array, Affymetrix; Thermo Fisher Scientific, Inc.). This data includes H460 cells and DDP-resistant H460 cells sample, and each cell has three repeats samples. The online tool, GEO2R (<http://www.ncbi.nlm.nih.gov/geo/geo2r>) ([@b21-ol-0-0-11972]) was used to determine the differentially expressed genes in H460 and DDP-resistant H460 cells. P\<0.05 and \|log~2~fold-change\|≥1 were set as cut-off standards.

### Cell culture

The human NSCLC cell line A549, the PTX-resistant cell line A549/PTX and the DDP-resistant cells A549/DDP were purchased from Procell Life Science & Technology Co., Ltd. The cells were cultured in Ham\'s F-12K medium supplemented with 10% fetal bovine serum (both purchased from Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 U/ml streptomycin (cat. no. 15140122; Thermo Fisher Scientific, Inc.), in a 37°C humidified incubator with 5% CO~2~.

### Cell transfection

The resistant cells A549/PTX and A549/DDP cells were transfected with 4.0 µg CHL1 recombinant expression plasmid (cat. no. HG10143-NY; Sino Biological, Inc.). Empty vector (pCMV3-SP-N-HA) was used as the control. A549 cells were transfected with 100 pmol small interfering (si)RNAs. The siRNA sequence for CHL1 (Guangzhou RiboBio Co., Ltd.) were siRNA-1, 5′-GGAGCUAAUUUGACCAUAUtt-3′, siRNA-2, 5′-CAGCAAUAUUAGCGAGUAUtt-3′ and scrambled control, 5′-UUCUCCGAACGUGUCACGUtt-3′. Plasmids and siRNAs were transfected into cells using Lipofectamine^®^ 2000 (Thermo Fisher Scientific, Inc.) following the manufacturer\'s instructions. The time interval between transfection and subsequent experimentation was 48 h. For the rescue experiments, the CHL1 silenced A549 cells were treated with the Akt inhibitor SC66 (cat. no. S5313; Selleck Chemicals), along with DDP (1.5 µg/ml) or PTX (35 ng/ml; both purchased from Selleck Chemicals) for 24 h at 37°C.

### RNA extraction and reverse transcription-quantitative PCR (RT-qPCR) assay

Total RNAs were isolated using TRIzol reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions, and the mixed DNAs were eliminated by DNase I (New England Biolabs, Inc.). First-strand cDNA synthesis was conducted using the GoScriptTM kit (Promega Corporation) according to the manufacturer\'s instructions. The reaction conditions for reverse transcription were 25°C for 5 min, 42°C for 60 min and 70°C for 5 min. The SYBR Green Real-Time PCR Master mix (Thermo Fisher Scientific, Inc.) was used to perform RT-qPCR, using a LightCycler480 system (Roche Diagnostics GmbH). The CHL1 primer sequences were as follows: Forward, 5′-GGCTTGGTCTCTTGCTTTCC-3′ and reverse, 5′-ATCTTCCCTCCCTTTGCACG-3′; and β-actin forward, 5′-TTCCTTCCTGGGCATGGAGTC−3′ and reverse, 5′-TCTTCATTGTGCTGGGTGCC-3′. The following thermocycling conditions were used for qPCR: 1 min at 95°C, followed by 40 cycles at 95°C for 20 sec, 30 sec at 60°C and a final extension at 72°C for 30 sec. Each reaction was conducted in triplicate. Relative expression levels were calculated using the 2^−ΔΔCq^ method ([@b22-ol-0-0-11972]).

### Cell viability

Cell viability was detected by MTT assay. A cell suspension (100 µl) was seeded into 96-well plates at a density of 1×10^4^ cells/well and incubated overnight at 37°C. The concentrations of DDP used to treat A549 cells were 0.5, 1, 1.5, 2 and 2.5 µg/ml. While the concentrations of PTX used to treat A549 cells were 10,20,30,40 and 50 ng/ml. The concentrations of DDP used to treat A549/DDP cells were 2, 4, 6, 8 and 10 µg/ml. While the concentrations of PTX used to treat A549/PTX cells were 50, 100, 150, 200 and 250 ng/ml. After treating with different concentrations of DDP or PTX for 48 h at 37°C, 100 µl MTT (5 mg/ml) solution was added to each well and incubated for 4 h at 37°C. Subsequently, 150 µl DMSO was added to each well to dissolve the blue formazan crystals and the absorbance was measured using a microplate reader (BioTek Instruments, Inc.) at 570 nm.

### Clone formation assay

A total of 1×10^3^ cells were seeded into a 35-mm dish (in triplicate) and maintained in F-12K medium with or without DDP or PTX at 37°C for 48 h. A total of 2 weeks later, cells were fixed in 4% paraformaldehyde for 15 min at room temperature and stained with 0.01% crystal violet dye at room temperature for 15 min. The rate of colony formation was calculated using the following equation: (Number of colonies/number of seeded cells) ×100.

### Flow cytometry

Apoptosis was detected using a FITC Annexin V Apoptosis kit (BD Pharmingen; BD Biosciences) according to the manufacturer\'s protocol. Cells (1×10^5^) were collected and washed twice with PBS prior to being suspended in 500 µl binding buffer. Subsequently, cells were incubated with 5 µl Annexin V-FITC and 5 µl propidium iodide in the dark for 10 min at room temperature and apoptosis was analyzed using a CytoFlex flow cytometer (Beckman Coulter, Inc.). Data were analyzed using CytEXpert 2.0 software (Beckman Coulter, Inc.). The ratio between early and late apoptosis was calculated.

### Western blotting

Cells were collected, washed twice with PBS and lysed with RIPA lysis buffer (Thermo Fisher Scientific, Inc.). Proteins were isolated from the cell lysis buffer and quantified using the Piercetm™ BCA Protein Assay kit (cat. no. 23227; Thermo Fisher Scientific, Inc.) with bovine serum album as a standard. Equal amount of protein (30 *µ*g) proteins were separated by 10% SDS-PAGE gel. Next, the proteins were transferred onto a polyvinylidene membrane (Thermo Fisher Scientific, Inc.), blocked with 5% BSA (Thermo Fisher Scientific, Inc.) for 2 h at 4°C, and incubated overnight at 4°C with primary antibodies against CHL1 (1:500; cat. no. 25250-1-AP; ProteinTech, Inc.), multi-drug resistance gene 1 (MDR1; 1:500; cat. no. 22336-1-AP; ProteinTech, Inc.), multidrug resistance-associated protein (MRP; 1:500; cat. no. 67228-1-Ig; ProteinTech, Inc.), low-density lipoprotein receptor-related protein (LRP; 1:500; cat. no. 22336-1-AP; ProteinTech, Inc.), phosphorylated (p)-Akt (1:1,000; cat. no. ab38449; Abcam,) and Akt (1:2,000; cat. no. ab227385; Abcam). After washing three times with PBS, the membrane was incubated with horseradish peroxide-conjugated goat anti-rabbit (1:2,000; cat. no. ab6271; Abcam)\_or rabbit anti-mouse (1:2,000; cat. no. ab6728; Abcam) secondary antibodies for 2 h at room temperature and the blots were detected with enhanced chemiluminescence reagent (Thermo Fisher Scientific, Inc.). Protein expression was quantified using Image-pro plus 6.0 software (Media Cybernetics, Inc.).

### Animal experiments

The animal experiments were approved by the Medical Ethics Committee of Xiangya Changde Hospital (approval no. 20190325) and were performed in compliance with all regulatory institutional guidelines for animal welfare (the National Institutes of Health Publications no. 80-23) ([@b23-ol-0-0-11972]). A total of 12 male BALB/c-nu mice (4-week-old, 20±5 g; Hunan SJA Laboratory Animals Center of the Chinese Academy of Sciences) were used in this study. All animals were kept at the SPF level laboratory at 20--25°C, a relative humidity of 30--70%, a 12/12 h light/dark cycle and 10 times/h of fresh air exchange. All mice were given free access to food and water. The bedding materials, drinking water, feeding cages and other items in contact with the animals were all autoclaved prior to use. A549/DDP cells (1×10^7^) transfected with empty vector and CHL1 overexpression vector, using Lipofectamine^®^ 2000 reagent (Thermo Fisher Scientific, Inc.), were subcutaneously injected into the nude mice to establish xenograft models, following anaesthesia with 4% chloral hydrate (400 mg/kg). Xenografts were allowed to grow to \~100 mm^3^ over 2 weeks and the mice were randomly divided into four groups (n=3/group) as follows: i) vector group (A549/DDP cells transfected with empty vector and treated with 100 µl saline solution); ii) vector-DDP group (A549/DDP cells transfected with empty vector and treated with 10 mg/kg DDP); iii) CHL1 group (A549/DDP cells transfected with CHL1 overexpression vector and treated with 100 µl saline solution) and iv) CHL1-DDP group (A549/DDP cells transfected with CHL1 overexpression vector and treated with 10 mg/kg DDP). DDP was administered by intraperitoneal injection every 3 days for 2 weeks. The mice were observed daily, and the tumors were measured by a vernier caliper every 7 days. The tumor volumes were calculated as length × width^2^/2. A total of 5 weeks post-injection, mice were euthanized with CO~2~ at 30% volume displacement rate (VDR) per min using a programmable logic controller (Barry-Wehmiller Design Group, Inc.). Mice were monitored continuously and once the mice were immobile (except for breathing) for 1 min, the VDR was provided at 100% for 2 min. The animals remained in the euthanasia chamber for 5 min and were then observed for an additional 5 min. Breathing and heart rate were monitored to determine death.

### Statistical analysis

All experiments were performed in triplicate and data are presented as the mean ± standard deviation. All experiments were performed at least three times. Paired Student\'s t-test was performed for comparisons between two groups and one-way analysis of variance followed by Tukey\'s multiple comparison post-hoc analysis was performed for comparisons between multiple groups. SPSS 20.0 (IBM Corp.) was used to perform the analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### CHL1 is downregulated in A549/DDP and A549/PTX-resistant cells

In order to investigate the mechanism of chemoresistance in lung cancer, the lung adenocarcinoma cell line A549, the DDP-resistant cells (A549/DDP) and PTX-resistant cells (A549/PTX) were used in the present study. Cells were exposed to different concentrations of DDP (0--8 µg/ml) and PTX (0--160 ng/ml), and MTT assay was used to detect the cell survival rate. A549/DDP and A549/PTX cells demonstrated higher resistance to DDP and PTX compared with A549 cells ([Fig. 1A](#f1-ol-0-0-11972){ref-type="fig"}). The half maximal inhibitory concentration (IC~50~) of DDP was significantly higher in A549/DDP cells (8.30±0.92 µg/ml) compared with A549 cells (1.68±0.18 µg/ml), and the IC~50~ of PTX was significantly higher in A549/PTX cells (174.80±8.64 ng/ml) compared with A549 cells (36.97±2.56 ng/ml; [Fig. 1B](#f1-ol-0-0-11972){ref-type="fig"}). In addition, the expression levels of the drug-resistant markers MDR1, MRP and LRP were significantly higher in A549/DDP and A549/PTX cells compared with A549 cells ([Fig. 1C](#f1-ol-0-0-11972){ref-type="fig"}). Additionally, the mRNA and protein expression levels of CHL1 were significantly lower in A549/DDP and A549/PTX cells compared with those in A549 cells ([Fig. 1D and E](#f1-ol-0-0-11972){ref-type="fig"}), and this was also observed in H460 DDP-resistant cells obtained from the GEO dataset (GSE21656; [Fig. 1F](#f1-ol-0-0-11972){ref-type="fig"}). These results suggested that CHL1 may be involved in regulating DDP and PTX resistance in NSCLC.

### Knockdown of CHL1 enhances resistance to DDP and PTX in A549 cells

As CHL1 was upregulated in A549 cells, CHL1 was silenced in A549 cells using siRNAs. CHL1 expression was significantly reduced in the CHL1 siRNA groups compared with that of the scrambled control group ([Fig. 2A](#f2-ol-0-0-11972){ref-type="fig"}). As siRNA-1 demonstrated the greatest interference efficiency, it was selected for use in the following experiments. Notably, CHL1-knockdown enhanced the resistance to DDP and PTX in A549 cells ([Fig. 2B and C](#f2-ol-0-0-11972){ref-type="fig"}). Colony formation assay revealed that compared with the control group, CHL1-knockdown significantly increased the rate of colony formation in the absence of chemotherapeutics and enhanced the resistance to DDP and PTX ([Fig. 2D](#f2-ol-0-0-11972){ref-type="fig"}). Flow cytometry results demonstrated significantly reduced apoptosis in CHL1-knockdown cells after DDP and PTX treatment compared with that of the control group ([Fig. 2E](#f2-ol-0-0-11972){ref-type="fig"}).

### CHL1 overexpression enhances the sensitivity of A549 resistant cells to DDP and PTX

As CHL1 is downregulated in A549/DDP and A549/PTX cells, the present study successfully overexpressed CHL1 in these cells using CHL1 recombinant expression plasmids ([Fig. 3A](#f3-ol-0-0-11972){ref-type="fig"}). The results demonstrated that CHL1 overexpression alleviated the resistance to DDP and PTX compared with that of the control group ([Fig. 3B and C](#f3-ol-0-0-11972){ref-type="fig"}). In addition, CHL1 overexpression inhibited colony formation in the absence or presence of DDP and PTX ([Fig. 3D](#f3-ol-0-0-11972){ref-type="fig"}). Additionally, flow cytometry results demonstrated that restoration of CHL1 expression promoted apoptosis in resistant cells following DDP and PTX treatment ([Fig. 3E](#f3-ol-0-0-11972){ref-type="fig"}).

To further validate the effects of CHL1 overexpression on DDP or PTX sensitivity, xenograft mice model experiments were performed. The results demonstrated that CHL1 overexpression or DDP treatment significantly impeded the tumor growth ([Fig. 3F](#f3-ol-0-0-11972){ref-type="fig"}) and decreased the tumor weight ([Fig. 3G](#f3-ol-0-0-11972){ref-type="fig"}). In addition, CHL1 overexpression further aggravated DDP-mediated repression on tumor growth ([Fig. 3F and G](#f3-ol-0-0-11972){ref-type="fig"}). These data suggested that CHL1 overexpression suppressed tumor growth and enhanced the chemosensitivity in NSCLC.

### CHL1 mediates chemosensitivity by inhibiting Akt activity

Recently, studies have confirmed that CHL1 inhibits Akt activity in ESCC and neuroblastoma cell lines ([@b11-ol-0-0-11972],[@b24-ol-0-0-11972]). Thus, the present study investigated whether CHL1 mediates chemoresistance via the Akt pathway in NSCLC. In A549 cells, compared with the scrambled group, CHL1-knockdown elevated the expression of p-Akt^ser473^ ([Fig. 4A](#f4-ol-0-0-11972){ref-type="fig"}). By contrast, restoring CHL1 expression in A549/DDP and A549/PTX cells inhibited the Akt phosphorylation compared with the control group ([Fig. 4A](#f4-ol-0-0-11972){ref-type="fig"}), suggesting CHL1 mediates chemosensitivity via the Akt pathway. Subsequently, CHL1-silenced A549 cells were treated with the Akt inhibitor SC66, and it was demonstrated that inhibiting Akt activity significantly reduced the promotive effects on cell survival ([Fig. 4B](#f4-ol-0-0-11972){ref-type="fig"}) and clone formation ([Fig. 4C](#f4-ol-0-0-11972){ref-type="fig"}), and the inhibitory effects on apoptosis ([Fig. 4D](#f4-ol-0-0-11972){ref-type="fig"}) induced by CHL1-depletion. These results confirmed that CHL1 mediates chemosensitivity in NSCLC by inhibiting the Akt pathway.

Discussion
==========

The results of the present study demonstrated that CHL1 was significantly downregulated in A549/DDP and A549/PTX cells compared with A549 cells. The knockdown of CHL1 in A549 cells facilitated the cell survival and clone formation, and decreased apoptosis when treated with or without DDP and PTX; whereas CHL1 overexpression in A549/DDP and A549/PTX cells inhibited cell survival and clone formation, and increased apoptosis. The results of the present study also demonstrated that CHL1 enhances NSCLC chemosensitivity through inhibition of the Akt pathway. These data suggested that CHL1 may be a promising target to improve the efficacy of chemosensitivity in NSCLC.

CHL1 belongs to the L1 family of nerve cell adhesion molecules, it was initially cloned in mice, and its expression in mouse development was analyzed by Senchenko *et al* ([@b25-ol-0-0-11972]). Through cell-cell interactions and mediating cell-cell and cell-matrix interactions, CHL1 has an important effect on the development, regeneration and plasticity of the nervous system ([@b12-ol-0-0-11972]). Previous reports have demonstrated that CHL1 also participates in carcinogenesis ([@b11-ol-0-0-11972],[@b15-ol-0-0-11972]--[@b18-ol-0-0-11972]). CHL1 was observed to be significantly downregulated in up to 11 types of tumor tissues compared with their adjacent normal tissues ([@b25-ol-0-0-11972]). In most tumors, CHL1 is a potential tumor suppressor gene whose silencing is associated with tumor growth, invasion and metastasis ([@b11-ol-0-0-11972],[@b15-ol-0-0-11972]--[@b18-ol-0-0-11972]). For example, knockdown of CHL1 expression results in enhanced cervical cancer cell invasion and migration ([@b26-ol-0-0-11972],[@b27-ol-0-0-11972]). A low expression of CHL1 in patients with neuroblastoma predicts a poor prognosis, and enhancing CHL1 expression suppresses tumor progression ([@b24-ol-0-0-11972]). In contrast, CHL1 has been reported to promote cell proliferation, metastasis and migration in human gliomas ([@b28-ol-0-0-11972]). However, to the best of our knowledge research on CHL1 and tumor chemoresistance has rarely been reported.

The present study examined the differentially expressed genes in NSCLC DDP-resistant cells in a GEO dataset. CHL1 was demonstrated to be upregulated in DDP-resistant cells compared with parental cells, suggesting that CHL1 may be involved in NSCLC chemotherapy resistance. Similarly, a study that compared and analyzed the differentially expressed genes in chemosensitive tumors and chemoresistant ovarian adenocarcinomas tissues reported that the expression of CHL1 in chemotherapy-sensitive tumor tissues is higher compared with that in drug-resistant tissues, suggesting that CHL1 may help to predict the efficacy of chemotherapy for ovarian cancer ([@b29-ol-0-0-11972]). In addition, aberrant methylation of CHL1 may be associated with the recurrence of colorectal cancer (CRC) following chemotherapy. 5-azadC treatment restores 5-flurouracil sensitivity *in vitro*, which also suggests that CHL1 may be involved in CRC chemotherapy resistance ([@b30-ol-0-0-11972]). The results of the present study demonstrated that CHL1 was downregulated in A549/DDP cells. Additionally, as multiple drug resistance is a common characteristic, another type of resistant cells (A549/TAX cells) were also used in the current study. The results also demonstrated that CHL1 was downregulated in A549/PTX cells. Compared with control cells, overexpression of CHL1 significantly increased the sensitivity of cells resistant to DDP and PTX, whereas knockdown of CHL1 expression in parent A549 cells displayed the opposite results. To the best of our knowledge, this study is the first study to suggest that CHL1 may be involved in chemosensitivity in lung cancer. The concentration of DDP used *in vivo* is 10 mg/kg ([@b8-ol-0-0-11972],[@b31-ol-0-0-11972]), however, this may not be in line with the concentrations that would be used in a clinical setting. In a clinical trial, the human initial dose was calculated from the no observed adverse effect levels (NOAELs) verified in animal experiments. NOAEL is the maximum dose level without significant adverse reactions. The NOAEL verified in animal experiments can be converted to a human equivalent dose according to the body surface area conversion, which is based on the area standardization (mg/m^2^) proportional among different species ([@b32-ol-0-0-11972]). In the present study, the concentration of DDP used *in vivo* was not the NOAEL, thus it was not consistent with the concentrations used in clinical settings.

Akt is a serine/threonine protein kinase that is activated by phosphorylation ([@b33-ol-0-0-11972]). As a key molecule of the PI3K/Akt signaling pathway, p-Akt regulates cell survival, cell growth, cell motility and angiogenesis, and prevents apoptosis ([@b24-ol-0-0-11972]). Additionally, Akt activation is associated with tumor chemoresistance ([@b33-ol-0-0-11972],[@b34-ol-0-0-11972]). The results of the present study demonstrated that compared with the control groups the expression of p-Akt was increased in CHL1-knockdown A549 cells, and its expression was reduced in CHL1 overexpressed A549/DDP and A549/PTX cells. When Akt activity was inhibited by the Akt inhibitor, the sensitivity to DDP and PTX in CHL1-knockdown A549 cells was restored. This finding suggested that CHL1 enhanced the chemosensitivity of NSCLC by inhibiting the Akt pathway. Considering numerous studies have confirmed that the Akt pathway mediates chemoresistance via regulation of ATP binding cassette (ABC) members ([@b35-ol-0-0-11972]--[@b37-ol-0-0-11972]), the present study didn\'t further investigate the specific ABC members and mechanisms, which was a of the limitation to the present study; thus, this research should be further investigated *in vivo*.

In summary, the present study demonstrated that CHL1 was downregulated in resistant cells A549/DDP and A549/PTX, and upregulation of CHL1 enhanced the chemosensitivity of NSCLC via inhibiting the Akt pathway. To the best of our knowledge, this was the first study to confirm the function and mechanism of CHL1 in mediating chemosensitivity in cancer. Thus, the development of CHL1-based therapeutic strategies may improve the efficacy of chemosensitivity in NSCLC.
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![CHL1 is downregulated in DDP and PTX-resistant A549 cells. (A) Cell survival of A549 and A549-resistant cells (A549/DDP and A549/PTX) treated with increasing concentrations of DDP and PTX, as assessed by MTT assay. (B) The IC~50~ values of DDP in A549/DDP and A549 cells, and the IC~50~ values of PTX in A549/PTX and A549 cells. \*P\<0.05 vs. A549 cells. (C) Western blotting demonstrated the expression of drug resistance-related proteins MDR1, MRP and LRP in A549 cells and A549-resistant cells (A549/DDP and A549/PTX). \*P\<0.05 vs. A549 cells. The protein and mRNA expression levels of CHL1 in A549 cells and A549-resistant cells (A549/DDP and A549/PTX) were analysed by (D) western blotting and (E) reverse transcription-quantitative PCR, respectively. \*P\<0.05 vs. A549 cells. (F) The mRNA expression of CHL1 in H460 and H460/DDP cells in the GSE21656 dataset. \*P\<0.05 vs. H460 cells. CHL1, close homolog of L1; DDP, cisplatin; PTX, paclitaxel; MDR1, multi-drug resistance gene 1; MRP, multidrug resistance-associated protein; LRP, low-density lipoprotein receptor-related protein; IC50, half maximal inhibitory concentration.](ol-20-04-11972-g00){#f1-ol-0-0-11972}

![CHL1-knockdown increases A549 cell resistance to DDP and PTX. (A) Western blotting was performed to validate the efficiency of transfection with CHL1 siRNAs. \*P\<0.05 vs. scramble. MTT assays were performed to determine the survival rate of CHL1-knockdown A549 cells treated with (B) 0--2.5 µg/ml DDP or (C) 0--50 ng/ml DDP. (D) Colony formation assay of A549 cells transfected with CHL1 siRNA in the presence or absence of 1.5 µg/ml DDP or 35 ng/ml PTX. (E) Flow cytometry analysis was used to detect apoptosis in A549 cells transfected with CHL1 siRNA in the presence or absence of 1.5 µg/ml DDP or 35 ng/ml PTX. \*P\<0.05, \*\*\*P\<0.001. CHL1, close homolog of L1; DDP, cisplatin; PTX, paclitaxel; si, small interfering.](ol-20-04-11972-g01){#f2-ol-0-0-11972}

![Overexpression of CHL1 increases the sensitivity of resistant A549 cells to DDP and PTX. (A) Western blotting was performed to detect CHL1 expression in A549/DDP and A549/PTX cells transfected with CHL1 expression plasmids. \*P\<0.05 vs. vector. Effect of CHL1 overexpression on resistant A549 cell survival rate when treated with (B) 0--10 µg/ml DDP or (C) 0--250 ng/ml PTX, as determined by MTT assay. (D) Colony formation assays demonstrated the number of colonies of resistant A549 cells transfected with CHL1 expression plasmids in the presence or absence of 8 µg/ml DDP or 160 ng/ml PTX. (E) Flow cytometry analysis was performed to assess apoptosis in resistant A549 cells transfected with CHL1 expression plasmids in the presence or absence of 8 µg/ml DDP or 160 ng/ml PTX. CHL1 overexpression enhanced chemosensitivity of A549/DDP cells to DDP *in vivo*, which was demonstrated by the effect of DDP treatment or CHL1 overexpression on the (F) growth and (G) weight of xenografts derived from A549/DDP cells. \*P\<0.05, \*\*P\<0.01. CHL1, close homolog of L1; DDP, cisplatin; PTX, paclitaxel.](ol-20-04-11972-g02){#f3-ol-0-0-11972}

![CHL1 mediates DDP and PTX sensitivity by inhibiting Akt activity. (A) Western blotting was performed to detect the expression of p-Akt and total Akt in CHL-silenced and -restored cell models. \*P\<0.05 vs. scramble or vector. (B) MTT assays were performed to detect cell survival rates of A549 cells treated with CHL1 siRNA and Akt inhibitor SC66. \*P\<0.05. (C) Colony formation assays were performed in A549 cells treated with CHL1 siRNA and the Akt inhibitor SC66 in the presence of DDP (1.5 µg/ml) or PTX (35 ng/ml). \*P\<0.05 vs. si-CHL1. (D) Apoptosis were measured in A549 cells treated with CHL1 siRNA and Akt inhibitor SC66 in the presence of DDP (1.5 µg/ml) and PTX (35 ng/ml). \*P\<0.05 vs. si-CHL1. CHL1, close homolog of L1; DDP, cisplatin; PTX, paclitaxel; si, small interfering; p-, phosphorylated.](ol-20-04-11972-g03){#f4-ol-0-0-11972}
